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An acidic etcher solution for etching a substrate’s surface. 
The acidic etcher solution includes an acid and a pH indicator, 
the pH indicator having at least one color transition at a pH 
beloW 7. The acidic etcher solution having an initial color at 
an initial pH When applied to the surface to alloW determina 
tion of the evenness of the coating and the etcher having a 
second color at a second pH higher than the ?rst pH Wherein 
visual inspection alloWs for a determination that the etcher is 
substantially ?nished reacting. 
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SYSTEM AND METHOD FOR 
CONTROLLING THE APPLICATION OF 

ACID ETCHERS OR CLEANERS BY MEANS 
OF COLOR-CHANGING DYE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates generally to the ?eld of 
etching and cleaning. Speci?cally, the present invention 
relates to methods and compositions for application of etch 
ers and cleaners having a color-changing component for con 
trol of the degree of etching. 
[0002] Etchers are compounds used typically to remove a 
portion of a surface. Acid etchers are Widely used in the 
coatings industry to etch surfaces, such as concrete ?oors, 
before applying a coating. The etching process cleans the 
surface and yields a surface pro?le suitable for obtaining a 
good application of the coating, as Well as promoting better 
adhesion to the substrate. Most etchers are made of organic or 
inorganic acids or salts. As such, most current etchers are 
colorless or contain very light color. 
[0003] Current form of etchers have several general prob 
lems. First, a very common phenomenon is that the surface 
cannot be uniformly etched if the thickness of the etching 
product is not applied uniformly. For example, a light appli 
cation of the etching product on the area to be etched Will have 
degraded performance compared to a similar area With a 
much heavier application. With colorless etchers, it is very 
dif?cult for a user to determine if a uniform application of the 
etcher has been made. Second, it is very dif?cult to judge 
When the etcher has lost all of its etching capability. Etchers 
react With the surface, such as concrete, Which results in a 
gradual neutralization of the acid. Thus, at some point the 
etcher Will become essentially neutral, losing its etching abil 
ity; but a user has no easy Way to determine When that has 
occurred. HoWever, it is often desirable to remove this 
residual etcher rather than to simply leave it on the surface 
Third, it is dif?cult to determine When it is the proper time for 
the user to rinse the etched area if there is no clear distinction 
betWeen areas that have been properly etched as compared to 
those that still require time for the product to etch fully. This 
is particularly important in more precise etching applications 
Where a certain amount of etcher is to be applied for a certain 
time. 
[0004] Thus, there is a need for an etching composition and 
methods for using the same that provides a color-changing 
mechanism Which provides a sensitive indicator of the proper 
level of completion of a desired process. 

SUMMARY OF THE INVENTION 

[0005] One embodiment of the invention relates to an etch 
ing composition and methods for using the same that provides 
a color-changing mechanism associated With the degree of 
etching. In one embodiment, the main components of the 
etching product include: pH indicating dyes, acids (e. g., both 
organic and inorganic), and other additives. The pH indicators 
Will exhibit different colors (or a lack of color) under different 
pH values. After the acid etcher is applied over substrates, the 
pH value of the product Will increase gradually due to the 
reaction betWeen the etcher and the substrate. Correspond 
ingly, the color of the pH indicator Will change coincidentally 
With the change in pH of the etcher. For example, in one 
embodiment Wherein the pH indicator is bromocresol green, 
the color of bromocresol green is yelloW/orange (depending 
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its concentration) at a pH less than 2.5. Subsequently, its color 
Will change to light green at pH 3 and to blue When the pH is 
larger than 3.5 as the acid etcher reacts With the substrate. 
[0006] The present invention alloWs a user to readily moni 
tor the application and reaction of the etcher. In one embodi 
ment, the etching product can clearly shoW if the etching 
product is evenly applied over the etched substrates. The 
etching product can therefore inform the end user When the 
etching process is complete. The etching product can also 
indicate When the user can rinse the substrate and When the 
rinsing process is complete. Overall, the present invention 
can serve as a guide for endusers about hoW to utiliZe fully the 
etching poWer of the etching product and When to proceed to 
the next step of the etching application. In addition, this 
technology can make the etching product easier to use, help 
users obtain a uniformly etched substrate, and help save user 
time and resources. 
[0007] These and other objects, advantages, and features of 
the invention, together With the organiZation and manner of 
operation thereof, Will become apparent from the folloWing 
detailed description When taken in conjunction With the 
accompanying draWings, Wherein like elements have like 
numerals throughout the several draWings described beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0008] FIG. 1 illustrates examples of pH indicators and 
their color changing characteristics; 
[0009] FIG. 2 is a graphical illustration of the equivalence 
point of a strong acid/ strong base titration in comparison to 
phenolphthalein and methyl orange color transition ranges; 
[0010] FIG. 3 is a graphical illustration of the equivalence 
point of a strong acid/Weak base titration in comparison to 
phenolphthalein and methyl orange color transition ranges; 
[0011] FIG. 4 is a graphical illustration of the equivalence 
point of a Weak acid/strong base titration in comparison to 
phenolphthalein and methyl orange color transition ranges; 
[0012] FIG. 5 is a graphical illustration of the equivalence 
point of a Weak acid/Weak base titration in comparison to 
phenolphthalein and methyl orange color transition ranges; 
[0013] FIG. 6 illustrates ?ve samples of sulfamic acid 
etcher/ cleaner and the sample’s color Which is dependent on 
its acidic strength; 
[0014] FIG. 7 illustrates four samples of citric acid etcher/ 
cleaner and the sample’s color Which is dependent on its 
acidic strength; 
[0015] FIG. 8 illustrates ?ve samples of a phosphoric acid 
etcher/ cleaner using bromophenol blue; 
[0016] FIG. 9 illustrates ?ve samples of a hydrochloric acid 
etcher/ cleaner using methyl violet pH indicator; 
[0017] FIG. 10 illustrates four samples of a hydrochloric 
acid using thymol blue; and 
[0018] FIG. 11 illustrates four samples of a hydrochloric 
acid etcher/ cleaner and using metacresol purple pH indicator, 
Triton X-405, and DPnB organic solvent. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] The present invention relates to acid etchers having 
a color-changing pH indicator Which can enable control of the 
etching process. Acid etchers operate to etch or remove a 
surface or a portion of a surface from a substrate. Function 
ally, the acid etcher is added to the surface, preferably in an 
even coat, and alloWed to react With the surface. Once the 
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surface has been adequately etched, the etcher is typically 
completely rinsed from the substrate leaving the etched sur 
face. Ideally, the etcher is applied in a quantity such that the 
substrate is fully etched When all of the etcher has reacted and 
thus been neutraliZed. 
[0020] The etching chemicals of the present invention can 
comprise organic acid, inorganic acid, blends of organic acid 
and inorganic acid, and other materials that can be used for 
etching as understood by one of ordinary skill in the art 
understanding the invention and its clear implications. An 
exemplary list of pH indicators for use in the present inven 
tion is given in FIG. 1, though one of ordinary skill in the art 
Will appreciate that other pH indicators that are not listed in 
FIG. 1 are also suitable for this invention. The substrates for 
use in the present invention include, but are not limited to, 
concrete, metal, glass, plastics, and combinations thereof. 
[0021] The general action of an acid etcher on a substrate is 
Well understood in the art. Acids are normally de?ned as 
substances Which produce hydrogen ions in solution. Bases 
are normally de?ned as substances Which produce hydroxide 
ions in solution. Neutralization occurs because hydrogen ions 
and hydroxide ions react to produce Water: 

[0022] This general interaction is the basis for the use of pH 
indicators. As referred to herein, a pH indicator is a halochro 
mic chemical compound that is added, typically in realtively 
small amounts, to a solution so that the pH (acidity or alka 
linity) of the solution can be determined easily, typically by 
visual inspection. In effect, a pH indicator is a chemical 
detector for protons (H+). Normally, the indicator causes the 
color of the solution to change depending on the pH, some 
imparting multiple colors depending on the pH and some 
indicators having no color at all at certain pH. In fact, pH 
indicators themselves are frequently Weak acids or bases. A 
pH indicator is a proton donor or a receiver, With some pH 
indicators being only a donor or receiver, While some others 
are a donor Within one pH range and a receiver in another pH 
range. When introduced into a solution, such as the etcher 
solution as described in the present invention, pH indicators 
Will bind to H+ (proton receiver) or OH“ (proton donor) ions 
depending on the speci?c indicator used. The different elec 
tron con?gurations resulting from this ionic interaction 
causes the indicator’s color to change. 
[0023] In one embodiment, the present invention includes 
one or more pH indicators. As is Well understood in the art, a 
pH indicator is a material that can change colors based upon 
hydrogen-ion concentration (i.e., pH value) of a medium. 
[0024] The folloWing are three example of pH indicators 
Which can be used in embodiments of the present invention. 

Litmus 

[0025] Litmus is a Weak acid. It has a rather complicated 
molecule Which for purposes of this illustration can be sim 
pli?ed to “HLit”. The “H” is the proton, i.e. Which can be 
given aWay to something else. The “Lit” is the rest of the Weak 
acid molecule. The un-ionised litmus is red, Whereas the ion 
is blue. There Will be an equilibrium established When this 
acid dissolves in Water. Taking the simpli?ed version of this 
equilibrium: 

Adding hydroxide ions (i.e. an base) results in hydroxide ions 
react With and remove these hydrogen ions and the equilib 
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rium position moves to replace the lost hydrogen ions. Like 
Wise, adding hydrogen ions (an acid) results in the hydrogen 
ions reacting With and removing the hydroxide ions and the 
equilibrium position moves to replace the lost hydroxide ions 
and the equilibrium position moves to remove the extra 
hydrogen ions. At some point during the movement of the 
position of equilibrium, the concentrations of the tWo colors 
Will become equal. The color you see Will be a mixture of the 
tWo, i.e. purple. 

Methyl Orange 

[0026] Methyl orange is one of the indicators commonly 
used in titrations. Its structure is simple enough to be able to 
see What is happening as it loses and gains hydrogen ions. 

This change is a result of the same mechanism described 
above for litmus. This reaction generates the same sort of 
equilibrium as in the litmus caseibut the colors are different. 
In this case, the color of the methyl orange compound is red 
and its ion is yelloW, With the equilibrium color being orange. 

Phenolphthalein 
[0027] Phenolphthalein is another commonly used indica 
tor for titrations, and it is another Weak acid. 

In this case, the Weak acid is colorless, and its ion is bright 
pink. Adding extra hydrogen ions shifts the position of equi 
librium to the left and turns the indicator colorless. Adding 
hydroxide ions removes the hydrogen ions from the equilib 
rium Which tips the reaction to the right to replace them, 
thereby turning the indicator pink. 
[0028] Based on their chemical structures, pH indicators 
come in a variety of colors that correspond With different pH 
values. A non-exhaustive list of examples of pH indicators 
and their color changing characteristics is contained in FIG. 
1. 
[0029] The present invention includes, in one embodiment, 
a halochromic substance and an acidic etcher in solution. The 
halochromic substance is such that it has a color change 
selected from ?rst color to a second color, a color change from 
colorless to a ?rst color, or a color change from a ?rst color to 
colorless. Additional color changes or and combinations 
thereof are possible. An effective amount of halochromic 
substance is necessary for visual inspection by the naked eye. 
Typically an effective amount Will range from 1 to 0.001% of 
the solution. The color change occurs substantially at a pH 
predetermined to correspond With an activity level of the 
acidic etcher indicating effective acid etching of the substrate 
surface. Thus, a user is able to determine When the etcher has 
reached completion by vieWing the color status of the etching 
compound. 
[0030] The pH indicators Will exhibit different colors (or a 
lack of color) under different pH values. After the acid etcher 
is applied over substrates, the pH value of the product Will 
increase gradually due to the reaction betWeen the etcher and 
the substrate. Correspondingly, the color of the pH indicator 
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Will change coincidentally With the change in pH of the 
etcher. For example, in one embodiment Wherein the pH 
indicator is bromocresol green, the color of bromocresol 
green is yelloW/orange (depending its concentration) at a pH 
less than 2.5. Subsequently, its color Will change to light 
green at pH 3 and to blue When the pH is greater than 3 .5 as the 
acid etcher reacts With the substrate. 
[0031] The acid and halochromic compound may be 
selected so as to achieve a desired color change at a speci?c 
pH. This may be based upon a variety of factors, including but 
not limited to the type of substrate Which is being etched and 
the environment in Which the etching is to occur. The point of 
color change may be used to indicate When the acid etcher has 
lost its “etching poWer”, i.e. the acid is substantially neutral 
iZed. Alternatively, the color change may indicate When the 
acid etcher solution has reached a certain pH predetermined 
to correspond to a completion of the acid etching Which is 
desired, Which may occur before the acid is completely neu 
traliZed. Similarly, the use of a color changing compound 
having an initial color that differs from the substrate to Which 
it is applied provides the added bene?t to a user of indicating 
Where the acid etcher has been applied and to What degree. 
For example, pure etching compounds are typically clear and 
thus dif?cult to determine Where they have been applied and 
in What amount. The use of a pH indicator such as methyl 
orange imparts a red hue to the acidic etcher alloWing a user 
to determine Where the etcher has been applied and to some 
extent the amount of etcher based on the intensity of the color. 
Where the “end” color of the product differs from that of the 
substrate being etched, the etching product can also indicate 
When the user can rinse the substrate and When the rinsing 
process is complete. For example, the use of pure etcher 
provides no visual indication of When the etcher has reacted to 
completion or near completion. HoWever, a product having 
methyl orange added to the etcher Would provide a color 
change to orange or yelloW giving a visual indication of the 
status of the etching. Overall, the present invention can serve 
as a guide for users about hoW to utiliZe fully the etching 
poWer of n etching product and When to proceed to the next 
step of the etching application. In addition, this technology 
can make the etching product easier to use, help users obtain 
a uniformly etched substrate, and help save user time and 
resources. 

[0032] In accordance With the principles of the present 
invention the indicator should be chosen to changes color as 
close as possible to that equivalence point for the particular 
acid etcher solution being used. Since there are strong and 
Weak acids, as Well as strong and Weak bases, several possible 
combinations are available depending on the situation. Ide 
ally, the strength of the etcher and the interaction it Will have 
With the surface Will be knoWn to alloW for optimiZed selec 
tion of a pH indicator. The folloWing non-limiting examples 
illustrate the logic in accordance With the principles of the 
present invention for selecting a pH indicator for a particular 
acid etcher. 

EXAMPLE 1 

Strong Acid v Strong Base 

[0033] FIG. 2 shoWs the pH curve for adding a strong acid 
to a strong base. Superimposed on it are the pH ranges for 
methyl orange and phenolphthalein. The equivalence point is 
7, but neither indicator changes color at the equivalence point. 
HoWever, the transition from basic to acid is so quick (i.e., the 
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graph is so steep at that point) that there Will be virtually no 
difference in the volume of acid added Whichever indicator is 
chosen. 

EXAMPLE 2 

Strong Acid v Weak Base 

[0034] FIG. 3 illustrates the scenario of a strong acid and 
Weak base, again comparing phenolphthalein and methyl 
orange. In contrast to FIG. 2, the transition to an acidic state 
is much more gradual. The transition point of phenolphtha 
lein is Well above the equivalents point of the titration. HoW 
ever, methyl orange starts to change from yelloW toWards 
orange very close to the equivalence point. Thus, phenol 
phthalein Would be a much poorer choice for a pH indicator in 
this situation. 

EXAMPLE 3 

Weak Acid v Strong Base 

[0035] FIG. 4 illustrates a Weak acid and a strong base. In 
contrast to the situation illustrated in FIG. 3, methyl orange is 
a poor choice this time because the titration’s equivalence 
point is Well above that of methyl orange. HoWever, the phe 
nolphthalein changes color very near the equivalence point. 

EXAMPLE 4 

Weak Acid v Weak Base 

[0036] FIG. 5 illustrates a Weak acid and Weak base titra 
tion. The transition to acidic is much more gradual than the 
situations of FIGS. 2-4. Phenolphthalein Will have ?nished 
changing Well before the equivalence point, and methyl 
orange falls off the graph altogether. The curve is for a case 
Where the acid and base are both equally Weakifor example, 
ethanoic acid and ammonia solution. In other cases, the 
equivalence point Will be at some other pH. HoWever, for the 
situation illustrated in FIG. 5, both phenolphthalein and 
methyl orange are poor choices for pH indicator. 
[0037] By properly selecting and adding pH indicators to 
an etching product, the product Will have a color at its initial 
pH (i.e., generally at its loWest pH). It is easy for users to see 
if such a product has been uniformly applied. After the appli 
cation, the pH of the etching product Will rise; and, corre 
spondingly, the etching poWer becomes Weaker due to the 
reaction of the etching product and substrates, such as metal 
or concrete. In one embodiment, the etching product Would 
then change color during the etching process (either to 
another color or to colorless), indicating to the user that the 
etching performance of the product has changed. This color 
change mechanism also Would alloW a user to knoW When it is 
time to rinse the etched substrates as Well as When the etched 
surface has been properly rinsed and cleaned. 
[0038] In one embodiment, the color changing etching 
product comprises sulfamic acid. In one embodiment, the pH 
indicator comprises bromocresol green. The solubility of sul 
famic acid is about 10% in Water. At that concentration, the 
solution is colorless and has a pH of about 1. Such a solution 
Will be understood to be able to etch concrete or other sub 
strates. 

[0039] To this solution is added a given amount, preferably 
about 0.01 -0.3% by Weight, of bromocresol green. After add 
ing the bromocresol green, the color of sulfamic acid Will 
change from colorless to orange. The etching solution com 



US 2009/0032497 A1 

prising the acid and the indicator is then added to the surface 
of a substrate, such as concrete. While various intended etch 
ing scenarios may require various application techniques, in 
one exemplary embodiment an even coating is applied to 
provide an approximately uniform etching to the surface. 
[0040] After the etching solution is applied to concrete, the 
etching solution Will etch the surface of concrete via acidic 
interaction as previously described. As it etches, its color Will 
gradually change to green after its etching poWer becomes 
Weaker due to its chemical reaction With the concrete sub 
strate. The etching Will proceed sloWer, and the etching poWer 
of the product Will continue to be reduced. The pH of the 
product Will continue to rise to a value of 5 or higher. At the 
same time the color of the etching product Will change to blue. 
At a pH of 5, the sulfamic acid is essentially no longer able to 
etch, or at least With respect to its initial abilities. Therefore, 
a user is able to determine When it is time to rinse the etched 
concrete substrate (i.e. the reacted etcher and the reacted 
surface material) based on the color of the etching solution. In 
addition, due to the colored nature of the etching solution, a 
user is able to determine When the substrate has been com 
pletely rinsed. When the etched area becomes colorless, it 
Will indicate to the user that the etching and cleaning process 
is complete. 

EXAMPLE 5 

[0041] FIG. 6 demonstrates an etching product that Will 
shoW a color change With its acidic strength. Sample No. 5 is 
a Water solution containing 10% sulfamic acid. It is colorless, 
and its pH value is 1. After adding a given amount of bromo 
cresol green to sample No. 5, it changed color to yelloW, as 
shoWn in sample No. 1. It is still yelloW at pH 1.5 (sample No. 
2); but its color gradually changed into green at pH 3 (sample 
No. 3) and blue at pH 5 (sample No. 4). Thus, the etching 
solution of the present invention Would transition from col 
orless, to yelloW When the pH indicator is added and then 
from yelloW to green to blue as the etcher reacted With the 
surface of a substrate to Which it is applied. 
[0042] FIG. 7 demonstrates another etching product in 
accordance With the principles of the present invention that 
Will shoW a color change With its acidic strength. Sample No. 
4 is a Water solution containing 10% citric acid. It is colorless, 
and its pH value is 1.5. After adding a given amount of 
bromocresol green to sample No. 4, it color changed to yel 
loW, as shoWn in sample No. 1. But, its color gradually 
changed into green at pH 4 (sample No. 2) and blue at pH 5 
(sample No. 3). 

EXAMPLE 6 

[0043] FIG. 8 illustrates an etcher composition (Weight %) 
of: 60% phosphoric acid, 33.95% Water, 5% solvent, 1% 
Triton X-100 surfactant, and 0.05% bromophenol blue. As 
shoWn in FIG. 8, (from left to right), the pH of the ?rst sample 
is 0.8, and it is colorless because no pH indicator bromophe 
nol blue is added. The rest of samples contained 0.1% bro 
mophenol blue and they shoWed yelloW, broWn, red Wine, and 
purple at pH 0.4, 1.20, 1.7, 3.1, and 5.0, respectively. 

EXAMPLE 7 

[0044] FIG. 9 demonstrates a composition comprising: 
0.07% methyl violet pH indicator, 10% hydrochloric acid, 
and 89.93% Water. As shoWn in FIG. 9 (from left to right), the 
?rst sample is the etcher Without methyl violet. Other samples 
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changed from green to light blue and to deep blue When the 
solution pH changed from 0.5 to 1.2 to 1.5 and to 2.5 respec 
tively. 

EXAMPLE 8 

[0045] FIG. 10 illustrates a composition comprising: 
0.01% thymol blue, 10% hydrochloric acid, and 89.99% 
Water. The ?rst sample is colorless because it has no pH 
indicator thymol blue. The other samples shoWed deep red, 
orange, and yelloW colors at pH 0.5, 5 .3, and 6.1, respectively. 

EXAMPLE 9 

[0046] FIG. 11 demonstrates a composition comprising: 
0.05% metacresol purple pH indicator, 2% Triton X-405, 5% 
DPnB organic solvent, 9.3% hydrochloric acid, and 83.65% 
Water. From left to right, the ?rst sample is the etcher Without 
metacresol and the other three samples shoW red, orange, and 
yelloW at pH 0.5, 2.8, and 3.3, respectively. 
[0047] The foregoing description of embodiments of the 
present invention have been presented for purposes of illus 
tration and description. It is not intended to be exhaustive or 
to limit the present invention to the precise form disclosed, 
and modi?cations and variations are possible in light of the 
above teachings or may be acquired from practice of the 
present invention. Any amounts listed are to be interpreted to 
include the term about unless otherWise indicated as exact. 
The embodiments Were chosen and described in order to 
explain the principles of the present invention and its practical 
application to enable one skilled in the art to utiliZe the 
present invention in various embodiments, and With various 
modi?cations, as are suited to the particular use contem 
plated. 

What is claimed is: 
1. A composition for effective acid etching of a substrate 

surface, comprising: 
an acidic etcher in solution; and 
a halochromic substance having a color change selected 

from the group consisting of a color change from a ?rst 
color to a second color or color change from colorless to 
a ?rst color or color change from a ?rst color to colorless 
and combinations thereof, 

Wherein the color change occurs substantially at a pH pre 
determined to correspond With an activity level of the 
acidic etcher indicating effective acid etching of the 
substrate surface. 

2. The composition of claim 1, Wherein the acidic etcher is 
selected from the group consisting of nitric acid, sulfuric acid, 
phosphoric acid, sulfurous acid, nitrous acid, ?uoric acid, 
perchloric acid, hydrobromic acid, citric acid, sulfamic acid, 
sulfonic acid, butanoic acid, ascorbic acid, sulfosalicylic 
acid, formic acid, uric acid, pentanoic acid, oxalic acid, lactic 
acid, heptanic acid, acetic acid, and combinations thereof. 

3. The composition of claim 1, Wherein the acidic etcher 
solution comprises about 10% by Weight of sulfamic acid. 

4. The composition of claim 1, Wherein the acidic etcher 
solution comprises about 10% by Weight of citric acid. 

5. The composition of claim 1, Wherein the halochromic 
substance has at least tWo color changes at or beloW a pH of 
about 7. 

6. The composition of claim 1, Wherein the halochromic 
substance has a visible color When added to the acidic etcher 
solution. 
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7. The composition of claim 1, wherein the halochromic 
substance is selected from the group consisting of metacresol 
purple, thymol blue, methyl violet, bromophenol blue. 

8. The composition of claim 1, Wherein the halochromic 
substance comprises halochromic substance With color 
changes beloW pH 7. 

9. The composition of claim 1, Wherein the substrate is 
selected from the group consisting of concrete, cement, tiles, 
stone, metals, masonry. 

10. A method of etching a surface of a substrate compris 
ing: 

applying a coating of a color-changing acidic etcher solu 
tion to the surface of the substrate, the color changing 
acidic etcher solution comprising a halochromic sub 
stance, an acid, and Water and having a ?rst color at an 
initial pH beloW about 7; 

determining by visual inspection if the coating is substan 
tially evenly dispersed on the surface of the substrate; 

reacting the color changing acidic etcher solution With the 
surface of the substrate causing a raising of the pH of the 
color changing acidic etcher solution toWards neutral 
(pH 7), the color changing acidic etcher solution having 
a second color at a pH above the initial pH and corre 
sponding substantially to an endpoint of the acidic 
etcher/ sub strate reaction; 

determining by visual inspection if the reaction of the color 
changing acidic etcher solution if substantially com 
plete; and 

rinsing the color changing acidic etcher solution from the 
surface of the substrate. 

11. The method of claim 10, Wherein the acid is selected 
from the group consisting of nitric acid, sulfuric acid, phos 
phoric acid, sulfurous acid, nitrous acid, ?uoric acid, perchlo 
ric acid, hydrobromic acid, citric acid, sulfamic acid, sulfonic 
acid, butanoic acid, ascorbic acid, sulfosalicylic acid, formic 
acid, uric acid, pentanoic acid, oxalic acid, lactic acid, hep 
tanic acid, acetic acid, and combinations thereof. 

12. The method of claim 10, Wherein the color-changing 
acidic etcher solution comprises about 10% by Weight of 
sulfamic acid 

13. The method of claim 10, Wherein the color-changing 
acidic etcher solution comprises about 10% by Weight of 
citric acid. 
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14. The method of claim 10, further comprising, prior to the 
application of the coating, adding acid to Water forming an 
acidic etcher solution and mixing the acidic etcher solution 
With the halochromic substance to form the color-changing 
acid etcher solution. 

15. The method of claim 10, Wherein the halochromic 
substance is selected from the group consisting of metacresol 
purple, thymol blue, methyl violet, and bromophenol blue. 

16. The method of claim 10, Wherein the halochromic 
substance comprises halochromic substance comprises halo 
chromic substance With color changes beloW pH 7. 

17. The method of claim 10, further including the step of 
determining if the acidic etcher solution has been substan 
tially removed from the surface of the substrate. 

18. The method of claim 17, Wherein the steps of determin 
ing if the coating is substantially evenly dispersed on the 
surface of the substrate, determining completion of the reac 
tion of the acidic etcher solution, and determining if the acidic 
etcher solution has been substantially removed from the sur 
face of the substrate are all done by visual inspection of the 
color or lack of color of the surface of the substrate. 

19. An acid etching system for etching a surface of a 
substrate, comprising: 

an acidic solution having an initial pH; 
a halochromic substance having a ?rst color at the initial 

pH, the pH indicator added to the acidic solution to form 
a color-changing acid etching solution; 

Wherein the color-changing acid etching solution reacts 
With the surface, thereby raising its pH and transitioning 
to a second color at a second pH higher than the initial 
pH. 

20. The system of claim 19, further Wherein the acid is 
selected from the group consisting of nitric acid, sulfuric acid, 
phosphoric acid, sulfurous acid, nitrous acid, ?uoric acid, 
perchloric acid, hydrobromic acid, citric acid, sulfamic acid, 
sulfonic acid, butanoic acid, ascorbic acid, sulfosalicylic 
acid, formic acid, uric acid, pentanoic acid, oxalic acid, lactic 
acid, heptanic acid, acetic acid, and combinations thereof and 
Wherein the pH indicator is selected from the group consist 
ing of metacresol purple, thymol blue, methyl violet, bro 
mophenol blue. 


